cals were purchased from Sigma Chemical Co., St. Louis, Mo., except where stated. [a-32P]dATP was purchased from ICN Biochemicals, Irvine, Calif. Bacteria were grown in LB medium (11) at 37°C. Ampicillin, kanamycin, and trimethoprim were added at 100, 50, and 20 ,ug/ml, respectively, for selection purposes. Trimethoprim selection was done on minimal medium plates supplemented with the auxotrophic requirements of the strain. PA414 required thymine supplemented at 50 ,ug/ml for growth in minimal medium and for optimal growth rates in rich broth.
Plasmid construction. Creating the Afol::kan mutation requires a cloned fragment of the E. coli chromosome encompassing the fol region with the desired mutations introduced. The steps utilized in the construction of this plasmid, pPA19, are shown in Fig. 1 . The 8.3-kilobase (kb) BamHI insert of pCV27 was subcloned into pBR322 lacking the EcoRI site and was renamed pCV29. pCV29 was linearized near the center of the DHFR coding sequences with EcoRI. The DNA was subjected to BAL 31 to create a deletion approximately 1 kb in size (11) . The digested ends were filled in with the Klenow fragment of DNA polymerase I, and the blunt ends were ligated to produce pCV4fol. pCVAfol was partially digested with Sall (the Sall site of pBR322 is not shown in the figure), and then a kanamycin resistance (Kanr) gene cartridge (Pharmacia, Inc., Piscataway, N.J.) with Sall ends was ligated to the linearized plasmid. A Kanr Ampr Tmps clone was selected and named pPA19. Restriction analysis of the 8.3-kb BamHI insert of pPA19 revealed that the region assigned to the fol gene by Smith and Calvo (19) (12) .
Several attempts to transduce AB1157 to Kanr with the above-described lysate were made, as very few colonies per transduction were obtained (1 to 6 Kanr colonies per transduction), and most of these Kanr colonies were DHFR+. In four transductions, 15 Kanr colonies were screened for DHFR activity, and 1 colony was found to be both Kanr and DHFR-. This Afol::kan clone was renamed PA414.
Strain PA414 was repurified on L plates supplemented with kanamycin, and cultures grown from single colonies were subjected to DHFR enzyme assays and Southern blot analysis to verify the deletion of thefol gene. DHFR enzyme assays of PA414 mini cell-free Brij lysates (7) detectable DHFR activity. DHFR activity was measured as previously described (15; Penner and Frieden, in press) on a Gilford 240 spectrophotometer. When dihydrofolate (FH2) was omitted from the assay mix, a nonspecific NADPH oxidase activity produced NADP+ at rates comparable to those in the DHFR assay of the parent strain AB1157.
Southern blots (Fig. 2) were done by the method of Maniatis (11), with the following exceptions. The agarose gel was treated sequentially with 2 volumes of 0.5 N NaOH-1 M NaCl (two times for 15 min each), and then two volumes of 1 M ammonium acetate-0.02 N NaOH (two times for 15 min each) (17) , and the second solution was used in the transfer of DNA onto Nytran membranes (Schleicher & Schuell, Inc., Keene, N.H.). Hybridizations were done by the method of Church and Gilbert (4).
Deletion of the fol gene and insertion of the kan gene in PA414 were clearly established by Southern blot analysis. Probing with the [a-32P]dATP-labeled (5) 445-base pair (bp) DraI-BamHI DHFR fragment produced signals corresponding to the DHFR gene in the 8-kb bands for the BamHIdigested pCV29 and AB1157 DNA and a 6-kb band for the BamHI-XhoI-digested pCV29 and AB1157 (wild-type) DNA, but produced no signal for the pPA19 or PA414 (Afol::kan) lanes (see Fig. 1 for restriction maps of these regions). The labeled Kanr gene hybridized with the 8-kb inserts of BamHI-digested pPA19 and PA414 DNA and two smaller (2.5-and 3.5-kb) bands for the BamHI-XhoI-digested pPA19 and PA414 DNA. No signal appeared for the pCV29 or AB1157 controls (data not shown).
The 5' end of the deletion in the AB1157 chromosome was not determined exactly. Probing with a 575-bp SnaBIBamHI fragment of pTY1 that includes 60 bp 5' to the DHFR-coding sequences produced faint bands for pPA19 and PA414 (data not shown) which were not present in Southern blots examined with the shorter probe. The 5' end of the deletion is therefore likely to be within 60 bp 5' to the DHFR initiation codon and 90 bp into the coding sequence.
Relationship of thyA and fol. It has been observed that an inactive thyA (thymidylate synthetase) gene is required for the survival of a fol deletion mutant (9; Elizabeth Howell, University of Tennessee, personal communication). PA414 was screened for a Thy-phenotype by determining its dependence on thymidine supplemented to minimal medium for growth. According to Neuhard and Nygaard (13) thymine requirement of a thyA mutant is 150 ,uM. Strain PA414 did not grow normally on glucose minimal medium plates until the concentration of thymine supplemented reached 150 jiM, so it appeared that PA414 is also a thyA mutant.
The /fol::kan phenotype of PA414 was transduced into both wild-type and a thyA mutant of AB1157 (12) to test the requirement of a thyA inactivation with afol deletion. When thymine was supplemented to the kanamycin-supplemented L selection plates (50 jxg/ml), the frequency of transduction into the AB1157 (thyA) strain was 20- [11] assayed on agarose gels). The growth rate of the PA414.pTY1 strain is somewhat reduced, and there is a 3-h time lag before the PA414.pTY1 culture starts its exponential growth phase. However, the culture reaches a saturation density and produces active DHFR enzyme 500-fold above wild-type levels. The strain has a thyA mnutation, which creates an auxotrophic requirement for thymine but does not affect the utility of the strain.
